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I ONCE HAD A COLLEAGUE who delighted in 
the aphorism, which he proudly coined him-
self, "If it's too small to see with the naked eye, 
it ain't there." Sadly, this view may as well be 
true for ornithologists who study birds only 
through unaided eyes, binoculars, or spotting 
scopes. But birds can also be studied through 
conventional and electron microscopes. A mi-
croscopic perspective soon reveals that birds 
are flying petri dishes, teeming with microbes 
inside and out. For example, researchers have 
known for decades that the plumage harbors a 
diverse community of bacteria and fungi, in-
cluding yeast (Hubalek 1994). Unfortunately, 
the influence of these creatures on the birds 
themselves has received little attention. Little 
attention, that is, until now. In a pioneering pa-
per in this issue of The Auk, E. H. Burtt and J. 
M. Ichida (1999) show that plumage microbes 
could influence birds in important ways. 
Burtt and Ichida provide evidence that many, 
if not most, species of birds have bacteria in 
their plumage, and that some of these bacteria 
can rapidly degrade feathers, at least under lab-
oratory conditions. To test for the presence of 
bacteria, the authors rubbed sterile applicators 
over several feather tracts of freshly caught 
birds, then incubated these applicators in the 
lab. Viable samples were cultured on plates and 
the bacteria identified. In an ambitious survey 
of more than 1,500 individual birds, represent-
ing 83 species, Burtt and Ichida isolated bacte-
ria from the feathers of nearly 10% of the in-
dividuals sampled. Because bacteria were 
probably undersampled at each step in the pro-
cedure, the incidence of 10% represents a min-
imum; the actual value could be much higher. 
Although feather-degrading bacteria were 
found in less than half of the species, the au-
thors argue that this is an artifact of the small 
number of individuals sampled for many of the 
species (a common problem in parasitological 
field studies). Extrapolating from their data, 
they predict that most species of birds will have 
feather-degrading bacteria in their plumage. 
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Consistent with this prediction is the fact that 
15 of the 16 most heavily sampled species (>30 
individuals) had feather-degrading bacteria. 
These results, although interesting, perhaps 
are not surprising. After all, bacteria are abun-
dant on most animals; humans have up to sev-
eral million of them per square centimeter of 
skin (Andrews 1977). The more striking com-
ponents of Burtt and Ichidas paper are the re-
sults of in vitro experiments they carried out to 
test the effect of bacteria on feathers. The au-
thors prepared test-tube suspensions contain-
ing small pieces (2 cm long) of domestic chick-
en feathers. They inoculated each suspension 
with bacteria from one of their field samples (n 
= 169), then checked them daily for two weeks. 
Within a few days, feathers in about 80% of the 
tubes were degraded into pieces less than 0.5 
mm in length. These results show clearly that 
bacteria collected from wild birds can cause ex-
tensive damage to feathers in vitro. The damage 
is caused by one or more keratin-degrading en-
zymes released by vegetative bacterial cells. 
Of course, in vitro experiments may overes-
timate the potential for bacterial damage under 
natural conditions. A pressing question, raised 
by the authors themselves, is whether the 
plumage of wild birds is humid enough for sus-
tained bacterial growth and the accompanying 
enzymatic action. Another question is whether 
domestic chicken feathers, such as those used in 
the degradation experiments, might be more 
vulnerable to bacterial action than the feathers 
of wild birds. This could be the case if feathers 
have antibacterial properties (see below) that 
are lost under conditions of relaxed natural se-
lection. Additional experimental work is need-
ed to assess the effect of bacteria under more 
natural conditions. 
Assuming that wild birds are vulnerable to 
some level of bacterial damage, two fitness con-
sequences could result. First, the insulative ef-
ficiency of the plumage could be hampered, 
causing thermoregulatory stress and a conse-
quent reduction in body mass and survival. 
This chain of events has been well documented 
in the case of damage to plumage by feather-
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feeding lice (Booth et al. 1993, Clayton et al. 
1999). A second fitness consequence of feather 
damage might be a reduction in aerodynamic 
efficiency. Bacterial damage could interrupt the 
airflow over the surface of the plumage of a fly-
ing bird, particularly given that bacteria are 
abundant on distal regions of the feathers 
(Muza et al. 1999). Furthermore, bacteria could 
weaken feathers, leading to increased breakage 
that would compound the thermoregulatory 
and aerodynamic problems just described. 
Assuming that bacteria reduce avian fitness 
under natural conditions, selection should fa-
vor the evolution of antibacterial defenses. It is 
conceivable, for example, that the chemical or 
physical composition of feathers plays a role in 
defense, just as the composition of leaves is im-
portant for defense against plant pathogens 
(Fritz and Simms 1992). Seasonal as well as fac-
ultative shedding of leaves can help rid plants 
of parasites (Williams and Whitham 1986). 
Molt may playa similar role in helping birds to 
rid themselves of bacteria. Burtt and Ichida 
(1999) recorded a drop in the incidence of bac-
teria in March and September, possibly caused 
by the pre alternate and prebasic molts. Exper-
imental manipulation of molt, independent of 
other factors, would help to determine its effect 
on bacterial populations. 
Unlike plants, birds have dynamic behavior 
that is a first line of defense against parasites. 
Preening and other forms of grooming are crit-
ical for keeping feather lice and other arthro-
pods in check (Hart 1997). Experimental ma-
nipulation of preening could be used to deter-
mine its potential influence on bacteria and 
other microbes. Other behavior such as anting, 
dusting, sunning, and insertion of green veg-
etation in nests also might defend against bac-
teria. The most relevant evidence so far is work 
by Clark and Mason (1985) showing that plants 
inserted in the nest by European Starlings 
(Sturnus vulgaris) inhibit the growth of bacteria 
in vitro. 
Anting behavior, long postulated to control 
ectoparasites, may reduce bacteria by allowing 
birds to acquire antibiotic secretions from the 
metaplural glands of ants (Ehrlich et al. 1986). 
This is an intriguing possibility in light of re-
cent unpublished data that clearly show anting 
has no effect on feather mites or lice (summa-
rized in Clayton and Wolfe 1993, Hart 1997). 
Dusting and sunning also may play a role in 
microbial defense by making the plumage too 
dry to support bacteria. Dusting desiccates 
plumage (Healy and Thomas 1973), and sun-
ning increases feather temperature so dramat-
ically (Moyer and Wagenbach 1995) that it must 
also have a desiccating effect. 
Finally, bacteria in feathers could also be rel-
evant to the process of parasite-mediated sex-
ual selection, which has received considerable 
attention (Hillgarth and Wingfield 1997). Elab-
orate plumage might function as a revealing 
handicap in allowing females to scrutinize 
feathers of displaying males to check for micro-
bial damage. Choice of a "clean" mate could be 
important, given that bacteria are transmitted 
vertically between parent birds and their off-
spring in the nest (E. H. Burtt et al. unpubl. 
data). 
Before careening into a speculative rut, it is 
important to reiterate that it will be essential to 
test for fitness consequences of bacteria under 
natural conditions. If bacteria have no effect on 
the fitness of wild birds, they cannot select for 
the evolution of antibacterial defense. What we 
really need now are carefully designed exper-
iments that measure proximate and ultimate 
consequences of bacteria to birds in the field, 
similar to approaches taken in studies of ar-
thropod ectoparasites (Brown and Brown 1986, 
Meller 1990, Clayton et al. 1999). We also need 
more sophisticated comparative analyses of 
survey data like those collected by Burtt and 
Ichida. The recent outpouring of avian phylo-
genetic information (Mindell 1997) makes it 
feasible to carry out phylogenetically con-
trolled analyses (Harvey and Pagel 1991) to test 
for morphological and ecological correlates of 
bacterial incidence. Similar work on other bird 
parasites shows that host body size and abun-
dance are important determinants of parasite 
load (Poiani 1992, Gregory et al. 1996, Gregory 
1997). Burtt and Ichida suggest that ground 
and water birds have more bacteria than aerial 
or canopy birds because transmission of bac-
teria is enhanced near the ground or around 
water. But the jury is still out, pending more 
rigorous comparative analysis of the survey 
data. Data such as these are relatively easy to 
collect with simple, inexpensive techniques 
that are harmless to birds. This means that such 
data can be collected by researchers with lim-
ited resources, yet unlimited vision. 
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